In the present work, thermal conductivity of rice husk (200 µm mesh size) filled epoxy composites has been studied experimentally & numerically. In this study, a successful fabrication of a rice husk filled epoxy composite with different filler content is possible by hand lay-up technique. An experimental approach was used to determine the thermal conductivity of rice husk filled epoxy composites using Lee's apparatus. The result shows that for each size of rice husk, the thermal conductivity of composite decreases with increase of filler contents which indicates that the rice husk reinforced epoxy composites have good insulation properties. In addition to experimental analysis, a commercially available finite-element package ANSYS is used to for the numerical analysis. Comparison graphs were plotted for both experimental and numerical analysis. The thermal conductivities of both the methods are very close to each other. The slight deviation between these two is due to the assumptions taken for the FEM analysis that are not real.
Introduction
Processing of plastic composites using natural fibres as reinforcement has increased dramatically in recent years. The advantages of composite materials The improvement of the insulating properties of composites can be determined by measuring their thermal properties i.e. the values of thermal conductivity. Generally thermal conductivity is a property which has ability to conduct heat of materials. It plays an important role in determining their heat conduction/insulation capability. Some studies have investigated the thermal conductivity of wood based composites, but few have explored the thermal conductivity of natural fibre and thermoplastic composites. Russell [1] & Maxwell [2] theoretical models have been widely applied for predicting thermal conductivity of multi-phase composites. Maclean [3] , Kollman [4] , Wikes [5] , Tenwolde et al. [6] and Kamke [7] reviewed the empirical equations for predicting the thermal conductivity of wood and wood based panel products. Rout et al. [8] studied the effective thermal conductivity, coefficient of thermal expansion (CTE) and glass transition temperatures (Tg) of rice husk filled polymer composites. From the results, it was found that the effective thermal conductivity (Keff.) and CTE of neat epoxy are reduced by 74.38% and 22% respectively and the Tg is increased by 140C with addition of (15 wt.%) rice husk content. Mohapatra et al. [9] found that the thermal conductivity of pine wood dust-filled epoxy composites decreased as filler content increased. Vishnu et al. [10] focused on the maximum utilization of abundantly available industrial waste fly ash in a useful manner. The thermal properties of the composites, like Thermal conductivity, Specific heat capacity, Linear coefficient of Thermal expansion and Thermal diffusivity, were experimentally determined in the engineering laboratory. The results showed that increase of fly ash percentage in composite increases the thermal properties, which enhances thermal insulation capability of reinforced epoxy composites. The objective of this research is to investigate the effect of density on the thermal conductivity of rice husk filled epoxy composites with varying proportions of rice husk filler. A finite element method was fitted for describing the thermal conductivity of these composites and was compared with the experimental results derived for rice husk based materials and theoretical models for multi-phase mater.
Theoretical Investigations
The composite is usually prepared based on calculation of weight fractions or volume fractions (Table 1) . In this research volume fraction was taken into consideration. The density of the composite is found out by rule of mixtures. As per rule of mixtures, the density of the composite is obtained by 
where Volume of the composite
The measured density (ρ a ) of the composite was determined experimentally by using water immersion technique. Considering theoretical density and actual density, the volume fraction of the void is calculated as follows 
Experimental Setup
The thermal conductivity test is carried out with Lee's disc apparatus shown in Steam is again passed in so that the brass disc is heated to a temperature 10˚C
above the steady state temperature T 2 . After that the heating chamber is removed and allowed the nickel disc (N) to cool. Temperature is noted in every half a minute until the temperature falls about 10˚C from steady state temperature T 2 .
Graph is drawn with the time of cooling as abscissa and the temperature of brass disc (B) as ordinate. A tangent is drawn at the steady state temperature T 2 . The slope of this tangent gives the rate of cooling T t ∂ ∂ at steady state temperature T 2 .
Thermal Conductivity Measurement
Thermal conductivity is a material property that describes the rate at which the heat flows within a body for a given temperature change.
The rate of heat conducted through the specimen or sample is 
where, L is the thickness of the sample, A is the area of cross section of the sample, K is the thermal conductivity, Q is the rate of heat transfer and ( 1 2 T T − ) is the temperature difference.
The rate of heat lost by the brass disc (B) to the surrounding under steady state is
where, m is the mass of brass disc (B), c is the specific heat of the brass disc (B) and ( T t ∂ ∂ ) is it's rate of cooling at T 2 .
Comparing Equations (5) and (6) ( ) ( )
is calculated using Lee's disc apparatus. Giving the input value of mass of brass disc (B), specific heat of the brass disc, thickness of the sample and area of cross section of the of the sample, the thermal conductivity of the sample is calculated.
Thermal Conductivity Models
Many theoretical and empirical models have been proposed to predict the effective thermal conductivity of two phase mixtures. For a two component composite the simplest alternative would be with the materials arranged in either parallel or series with respect to heat flow, which gives the upper and lower bounds of effective thermal conductivity (Equations (1) and (2)).
Series Model (Rule of Mixture)
where c: composite, m: matrix, f: filler, φ : volume fraction.
Parallel Model
(1 )
where c K : Thermal conductivity of composite, K m : Thermal conductivity of matrix, K f : Thermal conductivity of filler and φ : is the volume fraction of the filler.
In fact, one can use the series model or parallel model alone or both models according to the practical circumstances.
Maxwell Model
Maxwell [2] using potential theory obtained an exact solution for the conductivity of randomly distributed and non-interacting homogeneous sphere in homogeneous medium as indicated in Equation (10) . The FEM is thus a numerical procedure that can be used to obtain solutions to a large class of engineering problems involving stress analysis, heat transfer, fluid flow etc. ANSYS is general-purpose finite-element modeling package for numerically solving a wide variety of mechanical problems that include static/dynamic, structural analysis (both linear and nonlinear), heat transfer, and fluid problems, as well as acoustic and electromagnetic problems. epoxy and rice husk are given in Table 3 and Table 4 respectively.
Results and Discussions

Experimental Analysis
Numerical Analysis
In the numerical analysis of the heat conduction problem, the temperatures at the nodes along the surfaces ABCD is prescribed as T1 (1000C) and the convec- 
Conclusion
An environmental waste like rice husk can be gainfully utilized for preparation of composites using hand-lay-up technique. Incorporation of rice husk results in reduction of thermal conductivity of epoxy resin and thereby improves its thermal insulation capability. It has been found that the thermal conductivity of composites made of rice husk is decreased with increase of filler content. With addition of 10% of rice husk, the thermal conductivity drops by about 8.4% and with addition of 50% of rice husk, the thermal conductivity drops by about 84.5 % in neat epoxy. With light weight and good thermal properties, the rice husk reinforced epoxy composite can be used for preparation of insulation boards, air craft components and furniture etc.
